
(19) *EP004190702B1*
(11) EP 4 190 702 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention
of the grant of the patent:
11.06.2025 Bulletin 2025/24

(21) Application number: 20948194.4

(22) Date of filing: 03.08.2020

(51) International Patent Classification (IPC):
B64G 1/22 (2006.01) B64G 1/44 (2006.01)
B32B 5/02 (2006.01) B32B 5/26 (2006.01)
B32B 7/027 (2019.01) B32B 15/02 (2006.01)
B32B 15/20 (2006.01) B32B 15/14 (2006.01)

(52) Cooperative Patent Classification (CPC):
B64G 1/443; B32B 5/02; B32B 5/26; B32B 7/027;
B32B 15/02; B32B 15/14; B32B 15/20;
B64G 1/2225; B64G 1/2229; B32B 2260/023;
B32B 2260/046; B32B 2262/0269; B32B 2262/10;
B32B 2262/101; B32B 2262/105; (Cont.)

(86) International application number:
PCT/JP2020/029641

(87) International publication number:
WO 2022/029827 (10.02.2022 Gazette 2022/06)

(54) EXTENSIBLE MAST, PRODUCTION METHOD THEREFOR, PHOTOVOLTAIC PADDLE, AND
OUTER SPACE STRUCTURE
AUSZIEHBARER MAST, HERSTELLUNGSVERFAHREN DAFÜR, FOTOVOLTAISCHES PADDEL
UND WELTRAUMSTRUKTUR

MÂT EXTENSIBLE, PROCÉDÉ DE PRODUCTION POUR CELUI‑CI, PALETTE PHOTOVOLTAÏQUE
ET STRUCTURE D’ESPACE EXTERNE

(84) Designated Contracting States:
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR

(43) Date of publication of application:
07.06.2023 Bulletin 2023/23

(73) Proprietor: MITSUBISHI ELECTRIC
CORPORATION
Chiyoda-ku
Tokyo 100‑8310 (JP)

(72) Inventors:
• TAKAGAKI, Kazunori
Tokyo 100‑8310 (JP)

• SAMEJIMA, Sohei
Tokyo 100‑8310 (JP)

• SEKINE, Kazushi
Tokyo 100‑8310 (JP)

(74) Representative: Meissner Bolte Partnerschaft
mbB
Patentanwälte Rechtsanwälte
Postfach 86 06 24
81633 München (DE)

(56) References cited:
WO-A1‑2018/135625 WO-A1‑2019/230019
WO-A1‑2019/230019 JP-A‑ 2014 008 929
US-A‑ 5 164 129 US-A1‑ 2006 207 189
US-A1‑ 2019 226 197 US-A1‑ 2020 122 864

EP
4
19
0
70
2
B
1

Processed by Luminess, 75001 PARIS (FR) (Cont. next page)

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).



(52) Cooperative Patent Classification (CPC): (Cont.)
B32B 2262/106; B32B 2457/12

2

EP 4 190 702 B1



3

1 EP 4 190 702 B1 2

Description

Technical Field

[0001] The present invention relates an extensible
mast, a production method therefor, a photovoltaic pad-
dle, and an outer space structure.

Background Art

[0002] In recent years, demand for high-speed, large-
capacity communications using artificial satellites has
increased, and the development of communication and
broadcasting satellite equipped with high-performance
communication equipment has been progressing. The
increasing power consumption of the communication
equipment in such satellites has created a need for a
photovoltaic paddle capable of supplying a large amount
of power. Solar cells are mounted on the photovoltaic
paddle to convert sunlight into electrical energy to gen-
erate power. The solar paddle is normally stored in the
fairing, which is the tip of a rocket, in a folded state at the
timeof the launchand isexpanded intoadesiredshape in
outer space.
[0003] Currently, in artificial satellites, a rigid-type
photovoltaic paddle in which solar cells are arranged
on a plurality of connected flat panels is typically used.
However, because there is a limit to the capacity of the
fairing inwhich a satellite can be housed, the size and the
number of panels are limited for the rigid-type photovol-
taic paddle.
[0004] Therefore, a flexible photovoltaic paddle in
which the solar cells are arranged on a flexible film-like
substrate called a blanket instead of the flat plate panel
has attracted attention as a device for achieving both
reduction in size and weight and high power for an
artificial satellite. Non-Patent Document 1 discloses a
technique in which a blanket to which solar cells are
attached is wound in a roll shape and extended using
an extensible mast.
[0005] It is known that the extensible mast is typically
made of a member having high elasticity, such as a
lightweight fiber-reinforced plastic. However, when the
extensible mast made of the fiber-reinforced plastic is
stored for a long time in a wound form or an extended
form, there is a problem in that stress relaxation occurs
andelastic restoring force is reduced.PatentDocument 1
discloses a technique in which an assisting member
composed of a long metal plate having elasticity is pro-
vided to be laminated soas to be relativelymovable in the
longitudinal direction along an extensible mast, and the
transition of the main body of the extensible mast to the
extended state or the wound state is assisted by the
elastic restoring force of the support member.
WO 2019/230019 A1 discloses a solar power generation
paddle having extendable masts to take up and stow a
blanket into a roll.
WO 2018/135625 A1 discloses a laminated glass having

a plurality of heating lines.

Citation List

Patent Document

[0006] Patent Document 1:
Japanese Unexamined Patent Application Publication
JP 2018‑ 1965 A

Non-Patent Document

[0007] Non-Patent Document 1: Bao Hoang; Steve
White; Brian Spence; Steven Kiefer, "Commercialization
of Deployable Space Systems’ roll-out solar array
(ROSA) technology for Space Systems Loral (SSL) solar
arrays" Aerospace Conference,30 June 2016

Summary of the Invention

Problems to be solved by the Invention

[0008] However, in theextensiblemastofPatentDocu-
ment 1, because of the usage of a metallic assisting
member, there is a problem in that the extensible mast
is increased in weight and the roll diameter of the ex-
tensible mast when it is wound is increased, so that the
volume thereof when retracted is increased.
[0009] It is an object of the present invention to over-
come the problem described above and to provide an
extensible mast that maintains the elastic restoring force
of the extensible mast while suppressing an increase in
weight and volume, a method of manufacturing the ex-
tensible mast, a photovoltaic paddle, and an outer space
structure.

Means for solving Problems

[0010] An extensible mast according to claim 1.
[0011] A method of manufacturing an extensible mast
according to claim 2.

Effect of the Invention

[0012] According to the extensible mast and the meth-
od for manufacturing the extensible mast of the present
invention, it is possible to provide an extensiblemast that
maintains the elastic restoring force of the extensible
mast while suppressing an increase in weight and vo-
lume, a method of manufacturing the extensible mast, a
photovoltaic paddle, and an outer space structure.

Brief Description of the Drawings

[0013]

FIG. 1 is a perspective view showing a schematic
configuration of an extensible mast according to
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Embodiment 1 of the present invention.
FIG. 2 is an explanatory diagram for explaining the
extensible mast according to Embodiment 1 of the
present invention.
FIG. 3 is aperspective view for explaining a retracted
state of the extensible mast according to Embodi-
ment 1 of the present invention.
FIG. 4 is a perspective view for explaining an ex-
tended state of the extensible mast according to
Embodiment 1 of the present invention.
FIG. 5 is a plan view illustrating an overlap of electric
heating wires in different layers when the extensible
mast according to Embodiment 1 of the present
invention is retracted.
FIG. 6 is a flowchart showing a manufacturing pro-
cess for an extensible mast according to Embodi-
ment 2 of the present invention.
FIG.7 is anexplanatorydiagramshowingonestepof
manufacturing the extensiblemast according to Em-
bodiment 2 of the present invention.
FIG. 8 is a plan view showing a schematic config-
uration of a photovoltaic paddle according to Embo-
diment 3 of the present invention.
FIG. 9 is a side view showing a schematic config-
uration of the photovoltaic paddle according to Em-
bodiment 3 of the present invention.
FIG. 10 is a perspective view showing a schematic
configuration of an outer space structure provided
with a photovoltaic paddle according to Embodiment
4 of the present invention.
FIG. 11 is a plan view showing a schematic config-
uration of the outer space structure providedwith the
photovoltaic paddle according to Embodiment 4 of
the present invention.
FIG. 12 is a schematic configuration diagram show-
ing another example of an outer space structure
provided with the photovoltaic paddle according to
Embodiment 4 of the present invention.

Modes for carrying out the Invention

[0014] Hereinafter, an extensible mast, a method of
manufacturing the extensible mast, a photovoltaic pad-
dle to which the extensible mast is applied, and an outer
space structure will be described for carrying out the
present invention with reference to the drawings. In the
description of the drawings, the same parts or corre-
sponding parts are denoted by the same reference nu-
merals, and a repetitive description is omitted.

Embodiment 1

[0015] FIG. 1 is a perspective view showing a sche-
matic configuration of an extensible mast 1 according to
Embodiment 1 for carrying out the present invention. The
extensiblemast 1 is composedof a first fiber layer 2made
of a fiber-reinforced plastic, a second fiber layer 3 made
ofafiber-reinforcedplastic, andanelectricheatingwire4,

and has a function of winding itself in a roll shape to be
retracted and a function of extending itself into a rod
shape. The second fiber layer 3 is arranged in contact
with the first fiber layer 2. The thermal expansion coeffi-
cient in a longitudinal direction of the fiber-reinforced
plastic applied to the second fiber layer 3 is larger than
that in an axial direction of the fiber-reinforced plastic
applied to the first fiber layer 2. In FIG. 1, the longitudinal
direction for the thermal expansion coefficient in the
extensible mast 1 at the extended state is represented
by a direction P. As the fiber-reinforced plastic, for ex-
ample, a carbon fiber-reinforced plastic in which an
epoxy resin is impregnated into carbon fibers can be
used. The electric heating wire 4 is arranged on the
second fiber layer 3. The electric heating wire 4 is ar-
ranged such that the number of times of overlapping of
the electric heating wire in different layers is minimized
when themast iswound intomultiple layers in a roll shape
to be retracted. As the electric heating wire 4, for exam-
ple, a nichrome wire can be used.
[0016] FIG. 2 is an explanatory diagram for explaining
the extensible mast 1 according to Embodiment 1 for
carrying out the present invention. FIG. 2(a) shows the
extensiblemast inanextendedstate, FIG. 2(b) shows the
extensible mast in a transition from the extended state to
the retracted state, and FIG. 2(c) shows the extensible
mast in the retracted state. As shown in FIG. 2(a), in the
extended state, the extensible mast has a semi-cylindri-
cally rounded boom shape. Further, as shown in FIG.
2(c), in the retracted state, theextensiblemast 1 iswound
into a roll shape. Thus, the extensible mast 1 can main-
tain its shape in each of the boom shape and the roll
shape.
[0017] When the extensible mast 1 makes a transition
from the extended state to the retracted state, as shown
in FIG. 2(b), elastic strain energy is accumulated in the
extensible mast 1. The extensible mast 1 is extended by
releasing the accumulated elastic strain energy. There-
fore, inashort term,byarranging theextensiblemast1on
each sideof a blanket, for example, it is possible to retract
or extend the blanket without requiring a special drive
unit. However, when it is kept in a long term in the wound
form or the extended form, there is a problem in that
stress relaxation occurs and elastic restoring force de-
creases.
[0018] The extensible mast in the present invention
includes the first fiber layer 2made of the fiber-reinforced
plastic, the second fiber layer 3 made of the fiber-rein-
forced plastic, which is arranged in contact with the first
fiber layer 2 and has the thermal expansion coefficient in
the longitudinal direction that is larger than the thermal
expansion coefficient in the longitudinal direction of the
fiber-reinforced plastic applied to the first fiber layer 2,
and the electric heating wire 4 arranged on the second
fiber layer 3. The characteristic feature thereof is such
that the number of times of the overlapping of the electric
heating wire in different layers isminimizedwhen the first
fiber layer 2, the second fiber layer 3, and the electric
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heating wire 4 are wound into multiple layers in the roll
shape to be retracted. Since the thermal expansion
coefficient in the axial direction of the fiber-reinforced
plastic of the second fiber layer 3 is larger than the
thermal expansion coefficient in the axial direction of
the fiber-reinforced plastic of the first fiber layer 2, when
a temperature change occurs in the extensible mast 1,
force isgenerated to retract or extend theextensiblemast
1. Further, since the electric heating wire is arranged on
the second fiber layer 3 such that the number of times of
the overlapping of the electric heating wire among differ-
ent layers is minimized when the electric heating wire is
retracted in the roll shape, anassist by thermal stress can
be obtained while avoiding an increase in weight and
volume, and the elastic restoring force of the extensible
mast can be maintained even when stress relaxation
occurs due to the wound form or the extended form in
a long term. As the fiber-reinforced plastic of the first fiber
layer 2, for example, a fiber-reinforced plastic (thermal
expansion coefficient in longitudinal direction ‑1.4
ppm/K) made of carbon fiber K13C (manufactured by
MitsubishiChemicalCorporation)andanepoxy resin can
be used, and as the fiber-reinforced plastic of the second
fiber layer 3, for example, a fiber-reinforced plastic (ther-
mal expansion coefficient in longitudinal direction ‑0.1
ppm/K) made of T800S (manufactured by Toray Indus-
tries, Inc.) and an epoxy resin can be used.
[0019] FIG. 3 is a perspective view for explaining the
retracted state of the extensible mast 1 according to
Embodiment 1 for carrying out the present invention.
In the retracted state, the extensiblemast 1 extended into
the rod shape is wound into the roll shape from an end
portion of the extensible mast 1 so that the extensible
mast 1 is wound into a wound form. At this time, in the
extensible mast 1 of Embodiment 1, since the thermal
expansion coefficient of the second fiber layer 3 in the
longitudinal direction of the fiber-reinforced plastic is
larger than the thermal expansion coefficient of the first
fiber layer 2 in the axial direction, at the timeof the cooling
from the curing temperature of the resin, tensile forces
are generated in the first fiber layer 2 in the longitudinal
direction (direction P in FIG. 3), and opposing compres-
sive forces aregenerated in the second fiber layer 3 in the
longitudinal direction (direction P in FIG. 3) and as a
result, resultant force acts in the direction in which the
extensible mast 1 is retracted. This resultant force re-
mains as an internal stress in the first fiber layer 2 and the
second fiber layer 3 in the wound form in the roll shape.
Therefore, no special drive unit is not required, and it is
possible toassist the forcewithwhich theextensiblemast
makes the transition of its form into thewound form at the
time of the cooling from the curing temperature of the
resin. The extensible mast 1 in the wound form in the
retracted state can maintain the wound form by fixing its
end portion.
[0020] FIG. 4 is a perspective view for explaining the
extended state of the extensible mast 1 according to
Embodiment 1 for carrying out the present invention.

In the extended state, since force is being generated to
extend the extensible mast 1 wound in the roll shape into
the rod shape, the extensible mast 1 turns into the ex-
tended form.Part of the force required for theextension is
obtained by releasing the stress remaining as the internal
stress in the first fiber layer 2 and the second fiber layer 3
in the retraction step. Specifically, the remaining stress
can be released by releasing the fixing of the end portion
that is fixed in order to maintain the wound form. How-
ever, when it is stored for a long term in thewound formor
the extended form, there is a problem in that stress
relaxation occurs and elastic restoring force decreases.
In the extensible mast 1 according to Embodiment 1, the
fiber-reinforced plastic of the second fiber layer 3 has a
larger thermal expansion coefficient in the axial direction
than that in the fiber-reinforced plastic of the first fiber
layer 2 in the longitudinal direction. Therefore, since the
second fiber layer 3 expands more than the first fiber
layer 2 by causing an electric current to flow through the
electric heating wire 4 and causing the electric heating
wire 4 to generate heat, the compressive forces are
generated in the longitudinal direction (direction P in
FIG. 4) in the first fiber layer 2, and the tensile forces
are generated in the longitudinal direction (direction P in
FIG. 4) in the second fiber layer 3, and as a result, a
resultant force acts in the direction of extending the
extensible mast 1. With the remaining stress in addition
to the extension force, it is possible to assist the force of
extending the extensible mast 1 into the rod shape in the
extended state without any additional member. As a
result, even if the stress relaxation occurs due to the
wound form for a long term, the extensible mast can
be extended without requiring a special drive unit. The
greater the difference between the thermal expansion
coefficient in the longitudinal direction of the second fiber
layer 3 and the thermal expansion coefficient in the long-
itudinal direction of the first fiber layer 2, the greater the
force that assists the transition from the retracted state to
the extended state.
[0021] FIG. 5 is a plan view for explaining the over-
lapping of the electric heating wire of different layers
when the extensible mast 1 according to Embodiment
1 of the present invention is retracted. The electric heat-
ingwires 5 and 6 shown in FIG. 5 are those in someof the
layersof theelectric heatingwire4 inwhich theextensible
mast 1 is wound in multiple layers in the roll shape and
retracted, and the heating wires 5 and 6 represent heat-
ing wires of different layers. As shown by the electric
heating wires 5 and 6, the electric heating wire 4 is
arranged in the longitudinal direction (direction P in
FIG. 5) such that the number of times of the overlapping
of the electric heating wire in different layers isminimized
when the electric heating wire is wound and stored in the
roll shape. The electric heating wire 4 has, for example, a
sine wave shape with a constant period, and is arranged
so as to have different amplitudes in the longitudinal
direction. By forming the sinewave shapewith a constant
period, the phase is shifted due to the influence of the
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thickness of the layer sheet when it is wound into the roll
shape, and theamplitudes aredifferent in the longitudinal
direction, so that the overlapping area of the electric
heating wire 4 at the time of retraction can be minimized.
When the electric heating wire 4 is formed into a sine
wave shape, it is necessary to design the wavelength so
that the first fiber layer 2 and the second fiber layer 3 can
be appropriately heated by causing a current to flow
through the electric heating wire 4, and for example,
the wavelength can be twice the width of the extensible
mast 1. Note that, when the electric heating wire 4 has a
sine wave shape, the number of the times of the over-
lappingof the electric heatingwire 4maybeaminimum in
accordance with the designed sine wave, and for exam-
ple, the minimum number of the times of the overlapping
is four in a sine wave of two periods.
[0022] In the present embodiment, carbon fiber-rein-
forced plastic in which epoxy resin is impregnated into
carbon fiber is used as the fiber-reinforced plastic, but
materials other than carbon fiber and epoxy resinmay be
used. In thepresent embodiment, thecarbonfiber is used
for both the first fiber layer 2 and the second fiber layer 3,
but a different fiber may be used. As a fiber of the fiber-
reinforced plastic, for example, carbon fiber, glass fiber,
quartz fiber, SiC fiber, and aramid fiber can be used. As a
baseplasticmaterial of the fiber-reinforcedplastic, epoxy
resin, cyanate ester resin, unsaturated polyester resin,
polyether ether ketone resin, thermoplastic polyimide
resin, polyphenylene sulfide resin, and the like can be
used.
[0023] In thepresent embodiment, thenichromewire is
used as the electric heating wire, but any material that
generates heat by causing an electric current to flowmay
beused, and for example, anickel-chromium-basedalloy
or an iron-chromium-aluminum-based alloy may be
used.
[0024] In the present embodiment, the electric heating
wire 4 is arranged in the form of the sine wave having a
constant period, it is not limited to the form. The electric
heatingwire4maybe, inexampleswhicharenot covered
by the appended claims, a triangular wave or a super-
imposed wave of sine waves having a plurality of fre-
quencies, provided that the number of times of the over-
lapping when the electric heating wire 4 is wound and
retracted in the roll shapemay beminimized. In addition,
the number of heating wires 4 may be plural instead of
one. In this case, for example, by arranging them so as
not to be parallel to the longitudinal direction of the
extensible mast 1, it is possible to minimize the number
of times of the overlapping while maintaining a wide
arrangement range of the heating wire.
[0025] As described above, the extensible mast ac-
cording to the present invention is provided according to
claim1.Since the thermal stress causedby thedifference
in their thermal expansion coefficients in the longitudinal
direction between the first fiber layer 2 and the second
fiber layer 3 causes the force to make a transition to the
wound form during the cooling from the molding tem-

perature, the extensible mast can be easily wound and
retracted in the roll shape. On the other hand, when it is
heatedusinganelectricheatingwire, force formaking the
transition to the extended form works, so that no special
driveunit is required, and theextensioncanbeperformed
by assisting the force for making the transition to the
extended form of the extensible mast. Further, since
the electric heating wire is arranged on the second fiber
layer such that the number of times of the overlapping
when theelectric heatingwire is retracted in the roll shape
is minimized, the phase shifts due to the influence of the
thickness of the sheet when it is wound in the roll shape,
so that the overlapping area is minimized and the in-
crease in weight and volume can be suppressed to the
minimum.

Embodiment 2

[0026] Next, amethod ofmanufacturing the extensible
mast 1 according to Embodiment 1 for carrying out the
present invention will be described. FIG. 6 is a flowchart
showing a manufacturing process in Embodiment 2 for
carrying out the present invention. FIG. 7 is an explana-
tory diagram showing one step of manufacturing an ex-
tensiblemast according toEmbodiment 2 for carrying out
the present invention.
[0027] In steps S1 to S5, a member including the first
fiber layer 2 made of fiber-reinforced plastic and the
second fiber layer 3 made of fiber-reinforced plastic,
excluding the electric heating wire 4, is produced in the
extensible mast 1. First, in step S1, a method using a
prepreg material in which a resin obtained by integrating
a resin and a fiber is semi-cured will be described. First,
on a substantially cylindrical shaft member 13, a prepreg
material of a fiber-reinforced plastic of the second fiber
layer 3 is wound and arranged so as to entirely cover the
shaft member 13 in the circumferential direction. Next, a
prepreg material of the fiber-reinforced plastic of the first
fiber layer 2 is wound around and arranged on the pre-
preg material of the fiber-reinforced plastic of the second
fiber layer 3 to form a prepreg laminate 12. The thermal
expansion coefficient of the fiber-reinforced plastic ap-
plied to the second fiber layer 3 in the longitudinal direc-
tion is larger than that of the fiber-reinforced plastic
applied to the first fiber layer 2 in the longitudinal direc-
tion. At this time, the direction of winding around the shaft
member 13 is perpendicular to the extending direction P.
[0028] In step S2, as shown in FIG. 7, the prepreg
laminate 12 wound around the shaft member 13 is en-
tirely covered with a bagging film 14 and sealed with a
sealing material 15. After the sealing with the sealing
material 15,air inside thebaggingfilm14 isdischargedby
operating a pump (not shown) to bring the prepreg lami-
nate 12 into a reduced pressure state.
[0029] In step S3, the prepreg laminate 12 is placed in
an autoclave and heated and pressurized from outside
the bagging film 14. For example, a temperature of 120
°C is maintained for 3 hours under 3 atm.
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[0030] In step S4, the prepreg laminate 12 is taken out
from the autoclave, and the shaft member 13, the bag-
ging film14and the sealingmaterial 15 are removed from
the prepreg laminate 12. The prepreg laminated body 12
removed from the autoclave ismachined to form an open
cross-section by providing a slit portion in the longitudinal
direction, thereby completing amember of the extensible
mast 1,which is composed of the first fiber layer 2 and the
second fiber layer 3, excluding the electric heatingwire 4.
[0031] Next, in step S5, the member composed of the
first fiber layer2and thesecondfiber layer3 is formed into
the extended form, and the electric heating wire 4 is
arranged on the surface of the second fiber layer 3.
The electric heating wire 4 is arranged such that the
number of times of the overlapping of the electric heating
wire in different layers when the electric heating wire is
wound and retracted in the roll shape is minimized. That
is, it has a sine wave shape with a constant period and is
arranged such that its amplitude is different in the long-
itudinal direction. In this case, laser projection or the like
maybeused inorder toarrange theelectric heatingwire4
at an accurate position. In order to prevent the electric
heating wire 4 from being displaced, the electric heating
wire 4 may be temporarily fixed to the surface of the
second fiber layer 3 with an adhesive tape or the like.
Then, an adhesive is applied from above along the ar-
ranged electric heating wire 4. If an adhesive tape or the
like is used to prevent positional deviation, the adhesive
tape or the like is removed before applying the adhesive.
Curing is accelerated by applying heat or ultraviolet rays
depending on the adhesive, and the electric heating wire
4 is integrated with the second fiber layer 3, thereby
completing the extensible mast 1.
[0032] Here, the condition for heating the prepreg la-
minate12underpressurevariesdependingon the typeof
the resin constituting the prepreg laminate 12. In the
present embodiment, the prepreg laminate 12 is ar-
ranged so as to entirely cover substantially cylindrical
shaftmember 13 in the circumferential direction, but if the
prepreg laminate 12 is arranged so as to form a C-shape
instead of entirely covering the substantially cylindrical
shaft member 13, the open cross-section can be formed
without machining after the manufacturing. Further,
although the prepreg of the fiber-reinforced plastic is
used in the present embodiment, hand lay-up, resin
transfer molding, or the like may be used. Although
machining is used as the processing method of the pre-
preg laminate 12 in the present embodiment, it is suffi-
cient to form an open cross-section by providing a slit in
the longitudinal direction of the prepreg laminate 12, for
example, laser processing may be used. In the present
embodiment, the electric heating wire 4 is arranged on
the second fiber layer 3 and then the adhesive is applied
thereto, but it is sufficient that the electric heating wire 4
canbemountedon thesurfaceof thesecondfiber layer 3,
and the adhesivemay be first applied to the arrangement
position of the electric heatingwire 4 and then the electric
heating wire 4may be arranged thereon. Before the step

of pressurizing and heating the prepreg laminate 12, the
electric heating wire 4may be arranged on the surface of
the prepreg material of the second fiber layer 3, and the
secondfiber layer 3and theelectric heatingwire4maybe
integrated in the step of pressurizing and heating the
prepreg laminate 12. At this time, the adhesive may or
may not be applied along the electric heatingwire 4. Note
that, as the adhesive for bonding the electric heatingwire
4 to the surface of the second fiber layer 3, for example,
an adhesive of acrylic type, epoxy type, silicon type,
phenol type, polyethylene type, polyimide type, urethane
type, polyurethane type or the like can be used.
[0033] Asdescribed above, themethod ofmanufactur-
ing the extensible mast according to claim 2 is provided.
Therefore, the transition of the extensible mast to the
extension state or thewound state can be assisted by the
thermal stress caused by the difference in the thermal
expansion coefficients between the first fiber layer 2 and
the second fiber layer 3 without requiring a special drive
unit.

Embodiment 3

[0034] Next, a photovoltaic paddle to which the exten-
sible mast 1 according to Embodiment 1 for carrying out
the present invention is applied will be described with
reference to FIG. 8 and FIG. 9. In FIG. 8 to FIG. 9, the
same reference numerals as those in FIG. 1 denote the
same or corresponding components. In the following
description, the points which are the same as those of
Embodiment 1are omitted, and thedifferent pointswill be
mainly described.
[0035] FIG. 8 is a plan view showing a schematic
configuration of a photovoltaic paddle 7 according to
Embodiment 3 for carrying out the present invention.
FIG. 8 shows the photovoltaic paddle 7 with the exten-
sible mast 1 being in an extended form. FIG. 9 is a side
view showing a schematic configuration of the photovol-
taic paddle 7 according to Embodiment 3 for carrying out
the present invention. FIG. 9 shows the photovoltaic
paddle 7 with the extensible mast 1 being in a wound
form.
[0036] As shown in FIG. 8 and FIG. 9, the photovoltaic
paddle 7 includes one or more extensible masts 1, solar
cells 8, afirst paddlemember9, asecondpaddlemember
10, and a blanket 11 for supporting the solar cells 8. A
plurality of the solar cells 8 are arranged on the surface of
the blanket 11. The photovoltaic paddle 7 is providedwith
the extensiblemasts 1 having a function of extending the
blanket 11 in a planar shape and a function of winding the
blanket 11 into the roll shape. The extensiblemasts 1 are
arranged on both sides of the blanket 11 along the ex-
tension directionP, for example. The first paddlemember
9 having a substantially cylindrical shape is attached to
an end of the blanket 11 on the side of an origin where the
blanket 11 starts to be wound. Here, the substantially
cylindrical shape includes not only a cylindrical body
whose cross-sectional shape in a plane perpendicular
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to the axial direction is a perfect circle but also anelliptical
cylindrical body. Further, the second paddle member 10
having a substantially polygonal prism shape is attached
to an end of the blanket 11 that is to be an end point at
which the blanket 11 is wound, the end being in the side
on which a satellite (not shown) is connected. Here, the
substantially polygonal prism includes a prism having
rounded corners of a polygon. Between the first paddle
member 9 and the second paddle member 10, there are
one or more extensible masts 1 and the blanket 11, each
ofwhich is connected to thefirst paddlemember9and the
second paddle member 10. The one or more extensible
masts 1 and theblanket 11mayormaynot be connected.
[0037] By supporting both ends of the blanket 11 by the
first paddle member 9 and the second paddle member
10, theattitudecontrol of thephotovoltaic paddle7 canbe
performed stably. The first paddle member 9 and the
second paddle member 10 are made of, for example,
carbon fiber-reinforced plastic. As the solar cell 8, for
example, a gallium arsenide (GaAs) solar cell can be
used. As the blanket 11, for example, Kapton film can be
used.
[0038] When the photovoltaic paddle 7 is applied to an
artificial satellite, theextensiblemast 1of thephotovoltaic
paddle 7 mounted on the artificial satellite is wound up at
the time of launching of a rocket, so that the photovoltaic
paddle 7 can be efficiently housed in the fairing of the
rocket tipwhere the shape is limited.When theextensible
mast 1 is extendedafter the artificial satellite has reached
outer space, the photovoltaic paddle 7 becomes ready to
generate power. The extension force in the extensible
mast 1 can be obtained by releasing the internal stress
generated in the first fiber layer 2 and the second fiber
layer 3 at the time when the extensible mast 1 is wound,
and by applying an electric current to heat the electric
heating wire 4 mounted on the extensible mast 1. The
power supply device for supplying electric current to the
electric heating wire 4 may be installed on the artificial
satellite itself or may be mounted on the photovoltaic
paddle. By extending the retracted extensiblemast 1, the
photovoltaic paddle 7 having a large area can be imple-
mented, and power generation with a large capacity can
be obtained.
[0039] In the present embodiment, a gallium arsenide
(GaAs) solar cell is usedas the solar cell 8, but anydevice
capable of generating electricity by solar light may be
used, and for example, a solar cell made from a chemical
compound of the rigid type like a silicon (Si) solar cell or a
flexible solar cell suchasanorganic thin filmsolar cell can
beused. In thecasewhereanon-flexiblesolar cell is used
as the solar cell 8, since a plurality of the solar cells 8 are
arrangedon theblanket 11with spacesbetween the solar
cells 8, bending of the solar cell 8 when the extensible
mast is wound can be suppressed, and damage to the
solar cell 8 can be prevented.
[0040] AlthoughKaptonfilm is usedas theblanket 11 in
the present embodiment, a flexible film-like substrate
having an insulating property may be used, and as ex-

amples for these materials, polyethylene naphthalate
(PEN), polyethylene terephthalate (PET), liquid crystal
polymer (LCP), or the like can be used. Although an
artificial satellite has been described as an application
example of the photovoltaic paddle 7, it may be used for
other applications. The photovoltaic paddle 7 requires a
large amount of electric power during operation, etc., but
is suitable for a case where there is a dimensional re-
striction when electric power is not required during trans-
portation, etc., and its application is not limited to artificial
satellites.
[0041] As described above, an extensible mast of the
photovoltaic paddle according to the present embodi-
ment is provided according to claim 3. Therefore, the
transition of the extensible mast to the extension state or
the wound state can be assisted by thermal stress
caused by the difference in the thermal expansion coeffi-
cients between the first fiber layer and the second fiber
layerwithout requiring a special drive unit. Thus, by using
the extensible mast 1 in Embodiment 1, the elastic re-
storing forceof theextensiblemast ismaintainedwhilean
increase in weight and volume is suppressed, whereby
the photovoltaic paddle 7 having a large area can be
implemented and power generation with a large capacity
can be obtained.

Embodiment 4

[0042] Next, with reference to FIG. 10 to FIG. 12, an
outer spacestructureprovidedwith aphotovoltaic paddle
to which the extensible mast 1 according to Embodiment
1 for carrying out the present invention is applied will be
described. In FIG. 10 to FIG. 12, the same reference
numerals as those in FIG. 1 denote the same or corre-
sponding components. In the following description, the
points which are the same as those of Embodiment 1 are
omitted, and the different points will bemainly described.
[0043] FIG. 10 is a schematic configuration diagram
showing the outer space structure providedwith a photo-
voltaic paddle according to Embodiment 4 of the present
invention. As shown in FIG. 10, the outer space structure
200 is, for example, an artificial satellite, and includes
photovoltaic paddles 100, a structuremain body 110, and
anantenna120.Thestructuremain body110 isa satellite
structure, for example, and the photovoltaic paddles 100
are connected to both sides of the structure main body
110, for example. The antenna 120 is attached to, for
example, an upper surface or a front surface of the
structure main body 110.
[0044] FIG. 11 is a schematic configuration diagram
showing the outer space structure provided with the
photovoltaic paddle according to Embodiment 4 of the
present invention. FIG. 11 shows an artificial satellite
when it is housed in the fairing P1, which is the tip portion
of a rocket. As shown in FIG. 11, at the time of launching
the rocket, the photovoltaic paddle 100 is housed in the
fairing P1 of the rocket with the blanket 11 wound in the
roll shape. The photovoltaic paddle 100 is to extend the
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blanket 11 together with the extensible mast 1 after the
outer space structure 200 is exposed to the outer space.
After the blanket 11 is extended, the solar cells 8 receive
sunlight and start power generation.
[0045] As described above, the outer space structure
200 according to the present embodiment is provided
according to claim 4. Therefore, by using the extensible
mast 1 in Embodiment 1, the elastic restoring force of the
extensiblemast ismaintainedwhile an increase inweight
and volume is suppressed, whereby the photovoltaic
paddle 7 having a large area can be implemented and
power generation with a large capacity can be obtained.
Further, since the outer space structure 200 is provided
with the photovoltaic paddle 100 capable of winding the
blanket 11 into the roll shape by using the extensible
mast, it canbeeasily housed in the fairingP1of the rocket
at the time of launch.
[0046] Although the outer space structure 200 is an
artificial satellite, other space structures may be used.
FIG. 12 is a schematic configuration diagram showing
another example of an outer space structure provided
with thephotovoltaic paddles according toEmbodiment 4
of the present invention. As shown in FIG. 12, the outer
space structure 200 is, for example, a space station. The
structuremain body 110 of the space station includes, for
example, a structural frame called a truss, and at least
one photovoltaic paddle 100 is attached thereto. FIG. 12
shows an example in which the number of the photo-
voltaic paddles 100 is four, but it may be one ormore than
four.
[0047] In Embodiment 3 and Embodiment 4, two ex-
tensible masts are used, but it is sufficient to use at least
one extensible mast, and for example, one extensible
mast may be arranged at the center of the blanket 11.

Description of Reference Numerals and Signs

[0048]

1 extensible mast
2 first fiber layer
3 second fiber layer
4, 5, 6 electric heating wire
7, 100 photovoltaic paddle
8 solar cell
9 first paddle member
10 second paddle member
11 blanket
12 prepreg laminate
13 shaft member
14 bagging film
15 sealing material
110 structure main body
120 antenna
200 outer space structure.

Claims

1. An extensible mast (1) comprising:

- a first fiber layer (2) made of a fiber-reinforced
plastic,
- a second fiber layer (3) that is arranged in
contact with the first fiber layer (2) and made
of a fiber-reinforced plastic having a thermal
expansion coefficient in a longitudinal direction
larger thana thermal expansioncoefficient in the
longitudinal direction of the fiber-reinforced
plastic applied to the first fiber layer (2); and
- anelectric heatingwire (4, 5, 6) arrangedon the
second fiber layer (3),

wherein the electric heating wire (4, 5, 6) is arranged
so as to be in a sine wave shape with a constant
period and to have different amplitudes in the long-
itudinal direction so that an overlapping area of the
electric heating wire (4, 5, 6) with respect to the
electric heating wire (4, 5, 6) in different layers when
the first fiber layer (2), the second fiber layer (3), and
the electric heating wire (4, 5, 6) are wound and
retracted in a roll shape is minimized.

2. A method of manufacturing an extensible mast (1)
comprising:

- forming a prepreg laminate by winding around
a shaftmember (13) a first fiber layer (2)madeof
a fiber-reinforced plastic and a second fiber
layer (3) made of a fiber-reinforced plastic hav-
ing a thermal expansion coefficient larger in a
longitudinal direction than the thermal expan-
sion coefficient in the longitudinal directionof the
fiber-reinforced plastic applied to the first fiber
layer (2);
- covering the prepreg laminate wound around
the shaft member (13) with a bagging film (14)
and sealing the covered prepreg laminate with a
sealing material (15);
- placing the sealed prepreg laminate in an
autoclave, and pressurizing and heating the
prepreg laminate from outside the bagging film
(14);
- taking out the prepreg laminate from the auto-
clave, and removing the shaft member (13), the
bagging film (14), and the sealing material (15);
and
- arranging the electric heating wire (4, 5, 6) on a
surfaceof the secondfiber layer (3) so as to be in
a sine wave shape with a constant period and to
have different amplitudes in the longitudinal di-
rection such that an overlapping area of the
electric heating wire (4, 5, 6) with respect to
the electric heating wire (4, 5, 6) in different
layers when the electric heating wire (4, 5, 6)
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is wound and retracted in a roll shape is mini-
mized.

3. A photovoltaic paddle (7) comprising:

- a blanket (11);
- the extensible mast (1) according to claim 1,
the extensible mast (1) having a function of
winding and retracting the blanket (11) in a roll
shape and a function of extending the blanket
(11); and
- a plurality of solar cells (8) arranged on a sur-
face of the blanket (11).

4. An outer space structure (200) comprising:

- the photovoltaic paddle (7) according to claim
3; and
- a structuremain body (110) to which the photo-
voltaic paddle (7) is mounted.

Patentansprüche

1. Ausdehnbarer Mast (1), der das Folgende aufweist:

- eine erste Faserschicht (2), die aus einem
faserverstärkten Kunststoff hergestellt ist,
- eine zweite Faserschicht (3), die in Kontakt mit
der ersten Faserschicht (2) angeordnet ist und
aus einem faserverstärkten Kunststoff herge-
stellt ist, der einen Wärmeausdehnungskoeffi-
zienten in einer Längsrichtungaufweist, der grö-
ßer ist als einWärmeausdehnungskoeffizient in
der Längsrichtung des faserverstärkten Kunst-
stoffs, der auf die erste Faserschicht (2) aufge-
bracht ist; und
- einen elektrischen Heizdraht (4, 5, 6), der auf
der zweiten Faserschicht (3) angeordnet ist,

wobei der elektrische Heizdraht (4, 5, 6) so ange-
ordnet ist, dass er eine Sinuswellenform mit einer
konstanten Periode aufweist und unterschiedliche
Amplituden in der Längsrichtung hat, sodass ein
Überlappungsbereich des elektrischen Heizdrahtes
(4, 5, 6) in Bezug auf den elektrischen Heizdraht (4,
5, 6) in verschiedenen Schichtenminimiert ist, wenn
die erste Faserschicht (2), die zweite Faserschicht
(3) und der elektrische Heizdraht (4, 5, 6) in einer
Rollenform aufgewickelt und zusammengezogen
sind.

2. Verfahren zumHerstellen einesausdehnbarenMas-
tes (1), welches die folgenden Schritte umfasst:

- Bilden eines Prepreg-Laminats durchWickeln,
um ein Schaftelement (13), einer ersten Faser-
schicht (2), die aus einem faserverstärkten

Kunststoff hergestellt ist, und einer zweiten Fa-
serschicht (3), die aus einem faserverstärkten
Kunststoff hergestellt ist, der einen Wärmeaus-
dehnungskoeffizienten aufweist, der in einer
Längsrichtung größer ist als derWärmeausdeh-
nungskoeffizient in der Längsrichtungdes faser-
verstärkten Kunststoffs, der auf die erste Faser-
schicht (2) aufgebracht ist;
- Abdecken des Prepreg-Laminats, das um das
Schaftelement (13) gewickelt ist, mit einer Ver-
packungsfolie (14) und Versiegeln des abge-
deckten Prepreg-Laminats mit einem Dich-
tungsmaterial (15);
- Platzieren des versiegelten Prepreg-Laminats
in einen Autoklaven und Druckbeaufschlagen
und Erhitzen des Prepreg-Laminats von einem
Ort außerhalb der Verpackungsfolie (14);
- Entnehmen des Prepreg-Laminats aus dem
Autoklaven und Entfernen des Schaftelements
(13), der Verpackungsfolie (14) und des Dich-
tungsmaterials (15); und
- Anordnen des elektrischen Heizdrahtes (4, 5,
6) auf einer Oberfläche der zweiten Faser-
schicht (3), sodass er eine Sinuswellenform
mit einer konstanten Periode und unterschied-
liche Amplituden in der Längsrichtung aufweist,
sodass ein Überlappungsbereich des elektri-
schen Heizdrahtes (4, 5, 6) in Bezug auf den
elektrischenHeizdraht (4, 5,6) inverschiedenen
Schichten minimiert wird, wenn der elektrische
Heizdraht (4, 5, 6) in einer Rollenform aufge-
wickelt und zusammengezogen ist.

3. Photovoltaischer Flügel (7), welcher das Folgende
aufweist:

- einen Träger (11);
- den ausdehnbaren Mast (1) nach Anspruch 1,
wobei der ausdehnbare Mast (1) eine Funktion
zumAufwickeln und Zusammenziehen des Trä-
gers (11) in eine Rollenform und eine Funktion
zum Ausdehnen des Trägers (11) hat; und
- eine Vielzahl von Solarzellen (8), die auf einer
Oberfläche des Trägers (11) angeordnet sind.

4. Weltraumstruktur (200), die das Folgende aufweist:

- den photovoltaischen Flügel (7) nach An-
spruch 3; und
- einen Strukturhauptkörper (110), an dem der
photovoltaische Flügel (7) angebracht ist.

Revendications

1. Mât extensible (1) comprenant :

- une première couche de fibres (2) faite d’une
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matière plastique renforcée par fibres,
- une seconde couche de fibres (3) qui est
agencée en contact avec la première couche
de fibres (2) et qui est faite d’une matière plas-
tique renforcée par fibres ayant un coefficient
d’expansion thermique dans une direction lon-
gitudinale supérieur à un coefficient d’expan-
sion thermique dans la direction longitudinale
de la matière plastique renforcée par fibres ap-
pliqué à la première couche de fibres (2) ; et
- un fil de chauffe électrique (4, 5, 6) agencé sur
la seconde couchede fibres (3), dans lequel le fil
de chauffe électrique (4, 5, 6) est agencé de
manière à avoir une forme sinusoïdale avec une
période constante et des amplitudes différentes
dans la direction longitudinale de telle sorte
qu’unezonedechevauchement du fil de chauffe
électrique (4, 5, 6) par rapport au fil de chauffe
électrique (4, 5, 6) dans des couches différen-
tes, quand la première couche de fibres (2), la
seconde couche de fibres (3), et le fil de chauffe
électrique (4, 5, 6) sont enroulés et rétractés en
forme de rouleau, est minimisée.

2. Procédé de fabrication d’un mât extensible (1)
comprenant les étapes consistant à :

- former unstratifiédepréimprégnéenenroulant
autour d’un élément formant tige (13) une pre-
mière couche de fibres (2) faite d’une matière
plastique renforcée par fibres et une seconde
couche de fibres (3) faite d’une matière plas-
tique renforcée par fibres ayant un coefficient
d’expansion thermique supérieur dans une di-
rection longitudinale que le coefficient d’expan-
sion thermiquedans la direction longitudinalede
la matière plastique renforcée par fibres ap-
pliqué à la première couche de fibres (2) ;
- recouvrir le stratifié de préimprégné enroulé
autour de l’élément formant tige (13) avec un
film d’ensachage (14) et étancher le stratifié de
préimprégné avec un matériau d’étanchéité
(15) ;
- placer le stratifié depréimprégnéétanchédans
un autoclave, et pressuriser et chauffer le stra-
tifié de préimprégné par l’extérieur du film d’en-
sachage (14) ;
- sortir le stratifié de préimprégné hors de l’au-
toclave, et retirer l’élément formant tige (13), le
film d’ensachage (14), et le matériau d’étan-
chéité (15) ; et
- agencer le fil de chauffe électrique (4, 5, 6) sur
une surface de la seconde couche de fibres (3)
pour lui donner une forme sinusoïdale avec une
période constante et des amplitudes différentes
dans la direction longitudinale de manière de
telle sorte que la zone chevauchement du fil de
chauffe électrique (4, 5, 6) par rapport au fil de

chauffe électrique (4, 5, 6) dans des couches
différentes, quand le fil de chauffe électrique (4,
5, 6) est enroulé et rétracté en forme de rouleau,
est minimisée.

3. Panneau photovoltaïque (7) comprenant :

- une nappe (11) ;
- un mât extensible (1) selon la revendication 1,
le mât extensible (1) ayant une fonction d’en-
roulement et de rétractation de la nappe (11)
dans une forme de rouleau et une fonction d’ex-
tension de la nappe (11) ; and
- une pluralité de cellules solaires (8) agencées
sur une surface de la nappe (11).

4. Structure spatiale extérieure (200) comprenant :

- le panneau photovoltaïque (7) selon la reven-
dication 3 ; et
- un corps principal de structure (110) sur lequel
est monté le panneau photovoltaïque (7).
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